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doi:10.1016/j.pedneo.2010.12.001Structural anomalies associated with partial 2p monosomy are rare. There has only been one
case of interstitial deletion of 2p24.2e2p25.1 and three cases of 2p23.3e2p25.1 described in
the literature. We report here the first instance of an interstitial deletion of 2p23p24,
confirmed by comparative genome hybridization. We present a clinical and cytogenetic report
of a patient with psychomotor retardation, hearing impairment, and limb abnormalities. The
obvious osseous fusion with bone marrow and cortex continuation between proximal parts of
radius and ulnadcongenital radioulnar synostosisdwere first visualized by multidetector-
row computed tomography scan.
Copyright ª 2011, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Deletions of the distal portion of 2p are rare, with only one
and three published reports of deletions involving regions
2p24.2 to 2p25.11 and 2p23.3 to 2p25.1,2e4 respectively.
Saal et al1 described a 2-year-old short, mentally retarded
boy with sensorineural hearing loss; the patient had de
novo interstitial deletion and loss of one allele of the N-myc
oncogene. Neidich et al2 described a 12-year-old short,t of Pediatrics, Chung Shan
hien-Kuo N. Road, Section 1,
.-Y. Chen).
an Pediatric Association. Publishseverely mentally retarded boy with seizures and radio-
ulnar synostosis. We report on a boy with psychomotor
retardation, hearing impairment, proximal radioulnar
synostosis, and hypoplasia of multiple phalanges. High-
resolution cytogenetic analysis and comparative genome
hybridization (CGH) array confirmed that the breakpoints
on the short arm of chromosome 2 were p23 and p24.
2. Case Report
The patient was a 9-year-old Taiwanese boy who was
evaluated initially in our genetics clinic because of devel-
opmental delay, hearing impairment, and limb anomalies.
He was 3650 g, 50 cm product of a full-term pregnancy anded by Elsevier Taiwan LLC. All rights reserved.
Interstitial deletion of 2p 47normal vaginal delivery to a 19-year-old gravida 2, para 2
woman and her nonconsanguineous 21-year-old husband.
The pregnancy was uncomplicated with no history of
illness; exposures; or use of alcohol, tobacco, or drugs. The
patient’s early medical history was unremarkable.
At 7 months, the patient was noted to have develop-
mental delays and deafness in the left ear. Brain magnetic
resonance imaging revealed left cerebral hypoplasia. He
received rehabilitation and special education for 6 years.
At our first examination, his height was 135 cm (75th
percentile) and weight was 48 kg (>97th percentile). He
was microcephalic, with a small face, mild synophrys,
arching of the eyebrows, and hypertelorism. Ears were low
set with overfolded superior helices. He also had short
fifth fingers with clinodactyly, a single flexion crease, and
flexion contractures of his fingers. The heart, spleen,
pancreas, and kidneys were normal; liver echogram
showed fatty liver. Genitalia were of Tanner Stage 1.
Developmental assessment was performed when he was 9
years old; on the Wechsler Intelligence Scale for Children,
third edition, verbal IQ was 46, performance IQ was 59,
and full-scale IQ was 50. His audiogram showed profound
hearing loss in the left ear. Computed tomography (CT) of
Brain revealed very small caliber of bilateral internal
auditory canals, predominantly over the left side
(Figure 1)dDandyeWalker variant. Multidetector-row CT
scan of the left elbow with multiplanar reconstruction
revealed obvious osseous fusion with bone marrow and
cortex continuation between the proximal part of the left
radius and ulna, in favor of congenital radioulnar synos-
tosis (Figures 2A and 2B). Radiographs of extremities
revealed hypoplasia and wedge-shaped deformity of
multiple middle phalanges with various degrees of curva-
ture, including the second, fourth, and fifth fingers, and
second toe on the right, and second and fifth fingers and
second toe on the left (Figures 3 and 4). showed moderate
cerebral dysfunction.Figure 1 Brain computed tomography reveals very small
caliber of bilateral internal auditory canals, predominantly over
the left side.
Figure 2 Multidetector row computed tomography scan of
left elbow with multiplanar reconstruction (A) oblique coronal
view and (B) 3D volume-rendering reveals obvious osseous
fusion with bone marrow and cortex continuation between
proximal part of left radius and ulna.
Figure 3 X-ray of extremities revealed hypoplasia and
wedge-shaped deformity of multiple middle phalanges with
various degrees of curvature, including the 2nd, 4th, and 5th
fingers on the right, and 2nd and 5th fingers on the left.
Figure 4 X-ray of extremities revealed hypoplasia and
wedge-shaped deformity of 2nd toes bilaterally.
Figure 5 High-resolution chromosome analysis shows an
interstitial deletion in the 2p23-p24 region.
48 P.-H. Su et alHigh-resolution chromosome analysis (Figure 5) and CGH
array (Figure 6) demonstrated an interstitial deletion in the
2p23ep24 region. High-resolution banded karyotypes of
both parents were normal.Figure 6 Comparative genome hybridization array demo3. Discussion
Interstitial deletions of the short arm of chromosome 2 are
rare, with only a few cases reported in the literatured
deletion regions including p16.2p21,5 p23p25,3 and
p24p25.1 To date, there have not been any reported cases
of deletions in chromosome 2 involving the region
2p23ep24. We compare the pheno/genotype with thenstrates an interstitial deletion in the 2p23-p24 region.
Table 1 Clinical findings in deletion 2p1e8
Study Sanders
et al
(2003)5
Penchaszadeh
et al (1987)3
Emanuel
et al
(1979)4
Neidich
et al
(1987)2
Present
case
Franis
et al
(1990)6
Saal
et al
(1996)1
Lo-Castro
et al
(Italy 2009)7
Zou
et al
(2007)8
p16.2p21 p23p25 p23ep25.1 p23.3ep25.1 2p23p24 Pter/p242p24.2p25.1 p25.2 p24.3p25.3
IUGR/growth failure － ＋ ＋ ＋ － ＋ － － －
Ocular anomalies － ＋ ＋ ＋ － － － ＋ －
Musculoskeletal
anomalies
－ ＋ ＋ ＋ ＋ ＋ ＋ ＋ －
Urological anomalies－ － － － － － － － －
Genital anomalies － － － － － － － － －
Joint hyperlaxity － － － ＋ － － － ＋ －
Hypotonia － ＋ ＋ － － ＋ ＋ ＋ －
DD/MR Mild ＋ Severe Severe Moderate＋ ＋ Moderate Moderate
Craniofacial
anomalies
＋ ＋ ＋ ＋ ＋ ＋ ＋ ＋ －
Autism － － － － － － － ＋ ＋
Hyperactivity － － － － ＋ － － ＋ ＋
High forehead － ＋ ＋ ＋ － － － ＋ ?
Drominart occiput － ＋ ＋ － － － － － ?
Hyper/hypotelorism Hypo Hypo － Hypo Hyper ? Hyper － ?
Epicantal folds － － － － － － － ＋ ?
Narrow, short
palpebral fissures
＋ ＋ － － － － － ＋ ?
Broad, depressed
nasal bridge
Prominent＋ － － － － － ＋ ?
Large, low-set
postrotated ears
－ － ＋ ＋ ＋ － ＋ ＋ ?
Anomalies of
hands and feet
－ ＋ ＋ ＋ ＋ ＋ ＋ ＋ ?
Hemihypertrophy － － － － － － － ＋ ?
Heart defect ASD VSD － － － VSD － － －
Seizure － ＋ ＋ ＋ － ＋ － － －
Hearing loss － － － － ＋ ＋ ＋ － －
＋：Present; －：Absent; ？：Not described; ASDZ atrial septal defect; DD/MRZ delay of development/mental retardation;
IUGRZ intrauterine growth restriction; VSDZ ventricular septal defect.
Interstitial deletion of 2p 49present case and previous cases, excluding translocations
involving other autosomal chromosomes, in Table 11e8. The
anomalies demonstrated in these cases are quite different
from those carrying different deletion regions, but some
common findings are present, including musculoskeletal
anomalies, hypotonia, craniofacial anomalies, and anoma-
lies of hands and feet. The strongest association was found
between all reviewed 2 p aberrations and the presence of
a spectrum of developmental delay/mental retardation,
from severe to moderate. It is interesting that urological
anomalies and genital anomalies are quite weakly associ-
ated with all 2 p deletion cases.
Comparing the clinical findings in all these reported
patients, congenital radioulnar synostosis is relatively rare.
Radioulnar synostosis is caused by the failure of segmenta-
tion between the radius and ulna. Skeletal anomalies include
varying degrees of proximal radial and ulnar fusion, with or
without the involvement of the radial head. If the radial head
is involved, it may be dislocated anteriorly or posteriorly.9 In
our case, pain was not usually present, although progressive
limitation of proration was noted. We present the first scan
usingmultidetector-row CTwithmultiplanar reconstruction;
it clearly revealed obvious osseous fusion with bone marrowand cortex continuation between the proximal parts of the
left radius and ulna. The literature indicates that children
with a reduced radial head may develop symptomatic radial
head subluxation in adolescence. Therefore, radiographic
follow-up is necessary.
The unique finding in del(2)(p24) is sensorineural hearing
loss, which was seen in our case [del(2)(p23p24)], one case
of Saal et al1 [del(2)(p24.2p25.1)], and one case of Franis
[del(2)(p24/pter)], but the other deletion, (2)(p23p25),
was not found.2e8 Loss of one allele of the N-myc oncogene
was demonstrated in Saal et al’s case1; the N-myc oncogene
has been mapped to 2p24.10 By fluorescence in situ
hybridization using a cDNA probe for the N-myc oncogene,
Saal et al confirmed the previous map location for N-myc.
Recent studies of N-myc expression in the embryonic
cochlea of mouse have demonstrated a significant level of
N-myc transcript in the otic placode during late embryo-
genesis. This suggests a possible relationship between N-
myc expression and cell differentiation in the inner ear.11 In
our case, there was a small auditory canal, predominantly
on the left, which was compatible with clinical findings.
The phenotypical heterogeneity may be the result of
diagnostic difficulties in the identification and exact
50 P.-H. Su et allocalization of 2p deleted segments in the prearray era;
cytogenetic findings in most of the reported cases are
susceptible to misinterpretation.12e14
In summary, we have described a patient with moderate
mental retardation, sensorineural hearing loss, radioulnar
synostosis, and mild craniofacial abnormality, carrying a de
novo deletion of chromosome 2p23p24, detected by high-
resolution banding and confirmed by array CGH. This is the
first report of an interstitial deletion involving this region.
Although chromosomal aberrations of 2p terminal bands
have been previously described, they were susceptible to
misinterpretation because of the diagnostic difficulties by
cytogenic banding techniques in the prearray era.
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